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Natural disaster: Trend and Impacts 
 
Disasters are common phenomena over the existence of human. It greatly influenced 
the rise and fall of civilization (Reilly, 2009a). However, since the number of has 
risen sharply globally making the risk of disasters a worldwide concern (Reilly, 
2009a). United Nations International Strategy for Disaster Reduction/ UNISDR 
(2009) defines disaster as “a serious disruption of the functioning of a community or 
a society involving widespread human, material, economic or environmental losses 
and impacts, which exceeds the ability of the affected community or society to cope 
using its own resources”. Disasters can take many different forms, and with any 
different the durations. Based on their natural origins, disasters can be generally 
classified into two groups; natural and man-made disaster. United Nations 
International Strategy for Disaster Reduction/ UNISDR (2009) describes “natural 
disaster” as the natural process or phenomenon that may cause loss of life, injury or 
other health impacts, property damage, loss of livelihoods and services, social and 
economic disruption, or environmental damage. The level of impacted to community 
can vary based on community’s resilience. The escalation of severe natural disaster 
events can pose a substantive risk to sustainable development (Table 2-1). 
 
Table 2-1. Some potential effects of natural hazards on urban areas (Source: Riccardo Casale, Claudio Margottini, 
2004. Natural Disasters and Sustainable Development.) 
 Social or Human effect Physical effect Economic effect 
Primary 
effects 
Fatalities Ground Interruption of business due 
  to damage to buildings and 
  infrastructure 
Injuries Deformation and loss of Loss of productivity 
 ground quality workforce through fatalities, 
  injuries, and relief efforts 
Secondary 
effect 
 
Loss of income or 
employment opportunities, 
homelessness  
 
Collapse and structural damage 
to building and infrastructure 
 
 Disease or permanent 
disability 
Non-structural damage loss of 
ground quality to buildings and 
infrastructure 
 
  Progressive deterioration of 
damaged buildings and 
infrastructure which are not 
repaired 
Loss of markets and trade 
opportunities through short- term 
business interruption 
 Psychological impact of 
injury, bereavement, shock 
 
 Loss of confidence by investors, 
withdrawal of investment 
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 Loss of social cohesion due 
to disruption of community 
Public unrest when 
government response is 
inadequate 
 
  
 
It is estimated that within the last four decades, natural disasters have caused more 
than 3.3 million deaths and 2.3 trillion dollars in economic disruption (The World 
Bank & The United Nations., 2010). This trend shows the rising occurrence in natural 
disasters from 1900 – 2011 with a slight reduction after 2000 onward and increasing 
impacts affecting world’s population and monetary damage (figure 2-1). Natural 
disasters are also being less deadly globally. Yet, they more caused a greater financial 
impact especially in developing countries (Harrison & Williams, 2016). Despite the 
reduction of the global death toll trend, the mean annual death toll based on 
developing and developed nation class shows the opposite finding (Cater, 1998). For 
instance, the mean yearly death tolls caused by natural hazards decreased over 75 
percent in developed countries like Japan and the United States from the 1960s 
through the 1980s, but rised significantly by over 400 percent in developing countries 
such as Kenya and India in the same period (P. R. Berke, 1995b).  
 
  
Figure 2-1. Natural disaster summary 1900-2011 (Source: EM-DAT: The OFDA/CRED International Disaster Database 
2012) 
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The associated rise in the cost of damages and losses caused by natural disaster have 
made disaster management to become a important component of agenda of affected 
countries, multilateral and bilateral agencies, NGOs, and other stakeholders (ISDR, 
2002; M. Lindell, Prater, & Perry, 2006). Many studies have been carried out to 
research the natural disasters and their impacts encompassing social, economic, and 
political aspects in order to develop suitable policies, strategies and methods (M. 
Lindell et al., 2006; M. K. Lindell & Prater, 2003; World Health Organization, 
Division of Mental Health, 1992). 
 
One famous study is the “Disaster impact model” (M. K. Lindell, 2013) (figure 2-2). 
This study contends that consequences in natural disasters can be influeced by three 
pre-impact conditions including hazard exposure, physical vulnerability, and social 
vulnerability; and by three specific conditions including hazard event characteristics, 
improvised disaster responses, and improvised disaster recovery. It further notes that 
hazard event characteristics and improvised disaster responses link with pre-impact 
conditions to create a disaster’s physical impacts. These physical impacts, 
sequentially, integrate with recovery efforts to create a disaster’s social impacts. 
Vulnerable inhabitants can use three types of emergency management interventions 
to lessen these impacts. Physical impacts can be reduced through mitigation programs 
and emergency preparedness practices, while social impacts can be lessened by 
recovery preparedness programs. 
 
 
Figure 2-2. Disaster impact model of Lindell (Source: Adapted from Lindell, 2013). 
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Measuring the macro-economy impact caused by natural disaster with variation of 
socio, economy and environment structure is challenging because of information 
scarcity and diverse concepts. The European Commission for Latin America and the 
Caribbean’s (ECLAC) research assessing the macro economic impacts of disasters 
have been widely discussed because it provides a comprehensive evaluation of direct 
damages (fixed assets, capitals and inventories, raw materials, and expenditure on 
relief and emergency response), indirect damages and flow losses (increase 
operational expenditure, losses of income etc.) and secondary effects ( macro-
economic variables) brought such as adjustment in national revenue and expenditure 
related to tangible and intangible asset. 
 
There are many close relationship between those types of damages and losses. For 
instance, direct damages that occur during the natural disaster will result in further 
disaster impacts on indirect losses that contribute to triggering a secondary effect 
during the recovery and reconstruction phase that can cause pre-condition for the next 
disaster vulnerability. Using the research of ECLAC, it was estimated that The Aceh’ 
Gross Regional Domestic Product and economic structure changed significantly from 
2003 onward. The significant decrease of performance of the sub-sectors of oil and 
gas and other related industries since 2003 continued, while other economic sectors 
such as construction, trade, transport and service sectors began to rise even before the 
tsunami and continued to rise as a result of reconstruction effort (figure 2-3). This 
macro analysis became the basis for the GOI when budgeting spending, and making 
policy decisions particularly in reconstruction and rehabilitation in Aceh (I. 
BAPPENAS, 2005a).  
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Figure 2-3. The macro economic impacts pre and post 2004 tsunami in Aceh, Indonesia (Source: Research analysis 
based on UNDP and BAPPENAS 2005) 
 
However, a natural disaster does not always affect the macro-economic conditions of 
the affected countries. Cavallo et al (2013) combined information from comparative 
case studies and compute the counterfactual by constructing synthetic controls. This 
study finds that only tremendously and large-scale disasters have a negative effect on 
macro economic output in both the short and the long periods. 
 
The impacts of natural disasters not only have human and economy dimensions but 
environmental one as well. Natural disasters and environmental degradation creates 
significant difficulties particularly in developing countries. They are inherently 
linked, but little attention is paid to their interaction and impact (Tran & Shaw, 2007). 
It is important to assess this relationship since it may create an ongoing of disaster. 
For instance, deterioration in the environment caused by natural disasters, and 
inappropriate development program for restoration, may contribute substantially to 
rising poverty which in turn, adds to the exposure of environmental systems, which in 
turn further increasing disaster losses. Since the environment is a complex, studies to 
assess the natural disaster impact on environment requires more attention for the 
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following reasons; (1) not all natural disasters result in substantial environment of 
impacts particularly in ecosystem. For instance, many earthquakes may have only 
slight impacts on ecosystems; (2) several extreme disasters may contribute positive 
impacts on environment. For example, floods may rejuvenate floodplain vegetation 
and have important role in many floodplains’ ecological processes; and, (3) these 
impacts are largely nonmarket and therefore extraordinarily difficult to quantify 
(Costanza et al., 1998; Renaud, Sudmeier-Rieux, Estrella, & ebrary, 2013; Smith, 
1996). 
 
Studies to assess the impact of natural disaster on affected countries previously have 
given a perspective that the acknowledgement of effects comprehensively must be 
put first. Poor knowledge of the resulting damages and losses in social, economic, 
and environment aspects may hinder development and implementation of effective 
disaster mitigation policies. Yet, since this impact must be recognized well, the 
acknowledgement how various countries are affected must be addressed. Despite the 
Natural disasters are turning less deadly, developing countries may be arguably the 
most affected by the natural disasters from all aspects than developed ones. 
 
The comparison of impact in developing and develop countries shows a sharp 
contrast. The countries with low or medium income, and a low grade on The Human 
Development Index are the most severely affected by disasters (Planitz, 2007). And 
almost 80% of disasters occurring predominantly in developing areas (D. 
ALEXANDER, 1991). This high incidence of natural disasters contributes to the high 
number of people both affected and killed that occurred in 25 developing nations 
between 1994 -2003 (figure 2-4). For instance, the Indian Ocean tsunami that hit Asia 
in December 2004 caused nearly 200,000 people dead, and another 100,000 missing 
(I. BAPPENAS, 2006). 
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Figure 2-4. 25 countries in absolute or relative values of loss of lives and affected between 1994–2003 (Source of data: 
EM-DAT: The OFDA/CRED International Disaster Database)  
 
The analysis data of EM-DAT data suggest the correlation between income levels 
and death tolls. Mortality per 1,000 population in developed countries is 1, while in 
developing countries it is 69 per 1,000 (D. Alexander, 1993). On average, the number 
killed in disasters in developing countries is over a three time higher (332 deaths) per 
year as compared to the developed ones (105 deaths) per year. Taken together, 
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developed countries experienced 56% of disasters but lost only 32% of lives. In 
contrast, developing countries experienced only 44% of disasters but suffered 68% of 
deaths (CRED, Center for Reserach on the Eidemology of Disasters, 2015). Another 
study reports that the mean yearly death tolls caused by natural hazards declined by 
75 percent or more in developed countries such as Japan and the United States 
between the 1960s and the 1980s, but increased significantly by over 400 percent in 
developing countries like Kenya and India over the same period (P. R. Berke, 1995b). 
These data show that levels of economic development, rather than exposure to 
hazards per se, are major factors of mortality rate. 
 
Yet, the wide gap is in the number of affected people, which is estimated to be some 
40 times higher in developing countries (CRED, Center for Reserach on the 
Eidemology of Disasters, 2015). For instance, in total numbers, the USA and China 
experienced the most disasters between 1994 and 2013, due to size, landmasses 
variety and high population densities. Nevertheless, using the standardized data, 
Eritrea and Mongolia were the worst-affected countries in the world reflecting the 
numbers of people affected per 100,000 population (CRED, Center for Reserach on 
the Eidemology of Disasters, 2015). In the terms of economic losses, East African 
countries like Ethiopia, Mozambique, Sudan, Tanzania and Uganda exceeded over 20 
percent of their GNP during the 1980s, while in contrast from the 1992 Hurricane 
Andrew disaster in South Florida only affected undetectable proportion of USA’S 
GNP (P. R. Berke, 1995b).  
 
Research to find the cause and impact of natural disasters on communities in 
developing nations has been intensively studied from various views. Mileti et al. 
(1995) see the losses from natural disasters as the result of unsustainable 
development caused by lack of land use planning’s regulation and employment, 
insufficiency of basic needs, and degradation of environment (Mileti, Darlington, 
Passerini, Forrest, & Myers, 1995). In the long run, land use planning needs to be 
integrated with disaster mitigation approaches due to the massive destruction, 
damages and losses in affected developing countries (Zapata-Marti, 1997). 
 
The natural disaster impact on developing countries further may cause a cycle of 
losses, poverty traps and undermine efforts to lessen poverty (Skoufias, 2003). 
Poverty is therefore both a cause and consequence of natural disaster impacts (P. 
Blaikie, Cannon, Davis, & Wisner, 2004)(figure 2-5). In the view of Berke (1995), 
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poverty is believed to be the primary root of vulnerability to natural hazard in 
developing country. 
  
 
Figure 2-5. Disaster Risk-Poverty Nexus (Source: Jha & Duyne, 2010) 
 
The effect on social and economic in such affected regions are also aggravated by 
pre- conditions including low human productivity, inadequate public infrastructure, 
under-exploited resources, as well as marginalization of public participation (Jeffrey, 
1982), under development conditions, and rapidly expanding population (P. R. Berke, 
1995b). These pose severe obstacles to the ability to cope with natural disasters. The 
economic condition of these developing nations creates the tendency to allocate 
resources to only use when disasters hit, rather than to mitigation and preparedness 
efforts (Aleskerov, Say, Toker, Akin, & Altay, 2005). The lack of support from 
institutions and adopted policy to integrate mitigation to reduce future losses and 
human suffering can be viewed as the main factor increasing vulnerability (P. R. 
Berke, 1995b). 
 
Ayala (2001) contends that in most cases, the high occurrence of natural disasters 
may link to two main factors. Firstly, it is the result of the transformation of 
geophysical setting by the human system (human vulnerability). When these 
vulnerabilities synchronize in space and time, natural disasters may occur. Secondly, 
it relates to the historical development of developing nations, where the economic, 
social, political and cultural conditions did not function well due to low human 
resources, corruption, and undemocratic political system causing high vulnerability to 
natural disasters (economic, social political and cultural vulnerability) (Alcántara-
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Ayala, 2002). Given these cause and impact data, it can be concluded that in reducing 
vulnerability to natural disaster, improved economic development can be a key 
contributor. However, since a natural disaster, and its impact can be complex, other 
factors such as; educational accomplishment, greater public participation, and more 
democratic and effective government system can also significantly reduce the 
negative effects (Escaleras, Anbarci, & Register, 2007; Noy, 2009; Toya & 
Skidmore, 2007).  
 
Since natural disaster have multiple consequences, several arguments emphasize the 
opportunities particularly for developing countries. Some studies claim that the 
natural disaster, despite the widespread damages and losses they leave, may spur 
economic growth (Kellenberg & Mobarak, 2011; Porfiriev, 2016; Toya & Skidmore, 
2007). Reconstruction programs can serve as a short-term economic boost by 
attracting resources, increasing GDP in the immediate term (Toya & Skidmore, 
2007), and allowing more efficient development of public and private infrastructure 
which in turn produce a more productive economy in the long term (Kellenberg & 
Mobarak, 2011). Skidmore & Toya (2002) found a positive correlation between 
natural disasters and economic growth in the long run. They concluded that such 
economic growth is due to capital stock accumulation, human capital accumulation, 
and improvements in technological capacity. In spite of the destruction of capital 
assets, natural disasters can increase the return to human capital relative to investment 
capital and elevate productivity through the adoption of novel and more productive 
technologies. The research conclusion hence emphasizes important macroeconomic 
channels through which affected countries may grow following disastrous natural 
disasters. 
 
Other opportunities from a social vantage point bring benefits to affected areas in 
developing countries. These include strengthening local organizational capacity to 
facilitate long-term social, economic, and physical development (P. R. Berke, 1995b). 
Within this scheme, external aid can be allocated to facilitate and support local 
organizations to be more effective in carrying-out sustainable-development efforts to 
strength the disaster resilience. This view regards aid recipient as active participants 
with assets that can define their own goals and controls development particularly in 
reconstruction efforts rather that helpless victims.  
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In view of the disproportionate burden of natural hazards in lower-income countries, 
and consideration of the scale damages and losses, identifying the strategies, methods 
and policies for mitigation disaster management is crucial to the research especially 
in urban planning. 
 
Tsunami: Trend and Impacts 
 
The massive impact of natural disasters provides further evidence of the need for 
government and other stakeholders to be aware of strategies that address the 
mitigation of such hazard impact and reduce vulnerability and its root causes. This 
issue has been stressed in the post-2015 Hyogo Framework for Action (HFA) 
process. In this context, tsunamis must be examined due to their devastating impacts, 
including the tremendous number of fatalities and losses, and massive damages and 
destruction that could be reduced by effective mitigation programs. Most of the 
coastal cities in Asia continent are vulnerable to tsunamis and so do the cities on the 
western coast of the two American continents. This high vulnerability is caused by 
the 90 percent of world earthquakes that occur in the along the Pacific Ring of Fire, a 
belt that spans from Asia and Americas' Pacific coast (figure 2-6). The global record 
shows that tsunamis have affected 76 countries and territories with varying damages 
and losses values (Lovholt et al., 2012).  
  
Figure 2-6. The tsunami prone-area globally. The levels are the very low risk (gray), the low risk (yellow), the medium 
risk (orange), and the high risk (red) (Source: A3M AG) 
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The devastating 2004 Indian Ocean tsunami has been a milestone for government and 
other stakeholders to increase responsiveness to the destructing capabilities of 
tsunamis. Before 2000, the public noticed tsunami as originating primarily from 
large, distant, underwater earthquakes that mainly occurred in the Pacific Ocean. 
During the year of 1990s, fourteen major tsunami events hit coastlines in the Pacific 
Ocean making scientists more aware that the tsunami hazard is pervasive to devote 
more attention to this vulnerable area (Bryant, 2014b). These perceptions changed 
considerably on December 26, 2004 when one of the largest earthquakes ever 
recorded, centered off the coast of Aceh northern Indonesia, generated a tsunami that 
swept across the northern Indian Ocean killing hundreds of thousands of 
unsuspecting people. This disastrous tsunami made people aware that many high 
vulnerable area like in the Indian Ocean lack early warning systems, capacity to 
coping (Satake, Okal, & Borrero, 2007), evacuation system (Mas et al., 2015) and 
other deficiency of mitigation measure while also having different geophysical 
characteristic (Poisson, Oliveros, & Pedreros, 2011).  
 
The record of event shows that there were 94 destructive tsunamis struck between 
between 1900 and 2009. This frequency was relatively constant throughout the 1980s 
after that period (Figure 2-7). However, tsunamis increased significantly after 1980s 
as the result of enhancements to monitoring and reporting technology (Doocy, 
Daniels, Dick, & Kirsch, 2013) and the increasing population in coastal cities 
(Bryant, 2014b). 
 
Figure 2-7. Tsunami events affecting human populations by decade as modified from Doocy (Source: Doocy 2013) 
 
Tsunami frequency, damages, losses and mortality mostly occurred in the Western 
Pacific, Southeast Asia, and Americas areas, represents nearly one-third of the events 
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and loss of lives. Nevertheless, Southeast Asia accounted almost 52% of the tsunami-
affected communities from 1900 – 2009 and 95% of the tsunami exposured 
population between 1980 and 2009 (Doocy et al., 2013) (figure 2-8).  
  
 
Figure 2-8. Tsunamis and their impact on human populations by region in AFRO/Africa, AMRO/America, 
EURO/Europe, EMRO/Eastern Mediterranean Regional, SEAPRO/South East Asia, WPRO/Western Pacific 1980-2009 
(Source: The World Health Organization) 
 
It is estimated that 2.5 million people were exposured by tsunamis between 1900s 
and 2009s. The 2004 Indian Ocean tsunami have contributed to the substantial 
increase in mortality and affected people from 2000 to 2009 (Doocy et al., 2013) 
(figure 2-8). 
 
Meanwhile another study by Lovholt et al., (2012) on global tsunami for a return 
period of about 475 years offered other important conclusions. The study showed that 
the large Asian countries like Indonesia and Japan represented a large proportion of 
people living in tsunami prone areas, while Small Island Developing States (SIDS) 
form the highest proportion of their inhabitants. In addition, countries on the Pacific 
coast of South America, particularly Peru and Chile have a high number of 
communities living in tsunami prone areas in both absolute and relative terms. 
 
Since the tsunami’s impact on mortality is immense, some studies have been 
conducted to increase understanding of mortality and people’s behavior under 
tsunami event. They found that the factors influencing the mortality rate in tsunami 
event may include gender, age (Attanapola, Brun, & Lund, 2013; Yeh, 2010), socio-
economic status, demographic composition of the household (Attanapola et al., 2013; 
Frankenberg, Gillespie, Preston, Sikoki, & Thomas, 2011), level of education 
whether community received tsunami education, early warning, time until evacuation 
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(Rofi, Doocy, & Robinson, 2006b), geographic conditions, stocks of social capital, 
and political policy (Aldrich & Sawada, 2015). 
Nevertheless, the exposure of vulnerable groups like children, women, elderly 
people, and people who are living with chronic illness or permanent disability and 
their ability to mobilize in order to survive represent a dominant portion as the 
affected groups (Birkmann & Fernando, 2008; GuhaSapir, Parry, Degomme, Joshi, & 
Saulina Arnold, 2006; Nakahara & Ichikawa, 2013; Nishikiori et al., 2006; Rofi et al., 
2006b; Steckley & Doberstein, 2011; Vijayakumar, Kannan, & Daniel, 2006). For 
instance, mortality patterns by age, and gender suggest that compared to prime-age 
men, women were at the greatest disadvantage in the areas where the tsunami hit the 
hardest (Frankenberg et al., 2011). The study of Frankenberg et al. (2011) in Aceh 
and North Sumatra, Indonesia, after the tsunami 2004 confirms that mortality is the 
lowest for adult males in their twenties. Within this age group males are about 10 
percentage points less likely to die than females. Gender gaps are narrower among 
children (<15) and among adults 45 and older, who have the highest mortality. 
Frankenberg et al (2011) believes that the mortality level of vulnerable groups are 
greatly influenced by household composition. This study further notes that women 
age 15-44 and children were more likely to survive if one or more men age 15-44 
were living in the household (figure 2-9). The relationship also shows a positive 
correlation that survival chances were most tightly linked for husbands and wives, 
followed by mothers and their children. The evidence indicates that when the tsunami 
hit the area, stronger members of the household sought to help vulnerable group like 
woman, children, and older man or woman.  
 
Figure 2-9. Tsunamis-related mortality by tsunami damage, age and gender (Source: Frankenberg et al. 2011) 
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The study by Rofi et al. (2011) shows the same pattern for the mortality based on age 
and gender (Rofi et al., 2006b). It is concluded that the risk of death was greatest in 
the youngest and oldest age groups, and among females. This study found that the 
mortality risk among females reached at 1.9 (95% CI: 1.5–3.0) times greater than 
among males, with 18.4 per cent (95% CI: 16.1–20.9) and 9.6 per cent (95% CI: 7.9–
11.5) of females and males (table 2-2). 
 
Table 2-2. Summary of distribution of the pre-tsunami population and tsunami victims (n=94) and 1980-2009 (n=16) 
(Source: Rofi et al. 2006) 
 Pre-tsunami population Tsunami victims 
Sex N=2,128 Percentage (95%) CI            N=125                 Percentage 
Male 1,084 51.1 (48.1-54.2) 104 35.3 (28.8-42.7) 
Female 1,037 48.9 (46.0-52.0) 191 64.7 (55.9-74.6) 
Age       
0-4 156 7.4 (6.3-8.6) 37 12.7 (9.1-17.1) 
5-9 204 9.7 (8.5-11.0) 39 13.4 (9.7-17.9) 
10-14 225 10.7 (9.4-12.1) 26 8.9 (5.9-12.8) 
15-19 234 11.1 (9.8-12.5) 25 8.6 (5.6-12.4) 
20-29 424 20.2 (18.4-21.9) 39 13.4 (9.7-17.9) 
30-39 352 11.9 (10.5-13.3) 31 10.7 (7.4-14.8) 
40-49 249 7.4 (6.3-8.6) 36 12.4 (8.8-16.7) 
50-59 123 5.9 (4.9-6.9) 21 7.2 (4.5-10.8) 
60-69 86 4.1 (3.3-5.0) 22 7.6 (4.8-11.2) 
70+ 46 2.2 (1.6-2.9) 15 5.27 (2.9-8.4) 
 
Tsunami mortality rates by age group also differed considerably, with higher 
mortality observed in the oldest and youngest age groups (Figure 2-10). Individuals 
between 20 and 39 years of age experienced the lowest mortality. Risk of mortality 
for children under 10 years and adults over 60 years, respectively, was 2.3 (95% CI: 
1.6–3.4) and 3.1 (95% CI: 1.9–4.9) times greater as compared to those in the 20–39 
year reference category. 
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Figure 2-10. Summary of mortality rates by age group of Rofi’s research (Source: Rofi et al.2006) 
 
Nevertheless, the research findings about the vulnerable group also do not always 
show a consistency in correlation. Sawai’s (2001) research reveals that comparing to 
the 2004 Indian Ocean Tsunami, the Great East Japan Tsunami 2011 caused a 
mortality rate slightly higher for men than women, particularly amongst the elderly as 
define above 60 years old. The research assumes that it may relate to attributes of 
risky behavior such as rescuing others, role of men as volunteer firefighters, as well 
as being civil servants who had the duty to give out evacuation warnings to residents 
untill the last minute before the tsunami hit. These facts are in contrast to the 
mortality trend which women were consistently more likely to die in The Indian 
Ocean Earthquake and tsunami 2004, especially in Sri Lanka and Indonesia. Yet, 
using the Great East Japan Earthquake and Tsunami 2011 as the same case study, in 
contrast other study found that there is no correlation between sex difference and 
mortality, expect that mortality only increases with age (Nakahara & Ichikawa, 
2013). 
 
Given the fact of the consequences of Tsunami, it is suggested that further research in 
understanding the mitigation program may more play important role in urban 
planning policy than previously believed. Studies we may have to revise some early 
views on how tsunamis are formed and where tsunamis are likely to happen in the 
future since the science and technology are developing to predict its occurrence. 
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Tsunami in Indonesia:  Nature and Cause 
 
Indonesia, the 4th most populous country in the world, is highly vulnerable to natural 
disasters. Natural disasters are frequent phenomena, causing loss of life, destruction 
of property and irreversible damage to the coastal and land environment. Indonesia is 
situated over three crucial plates; the Eurasian, Pacific, and Australian plates (Gaina 
& Müller, 2007). This geodynamic position makes it one of the most seismically 
active countries in the world and prone to earthquakes which may generate 
catastrophic tsunamis (figure 2-11).  
  
Figure 2-11. The tectonics of Indonesia per year (Source: Asrurifak, M., et al. 2011) 
 
These plates always move to reach an equilibrium position. This movement, called 
subduction, is apparent to produce large devastating earthquakes due to the high 
intense energy release (Petersen et al., 2007; Socquet et al., 2006) (figure 2-12). 
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Figure 2-12. Subduction process as configured from platetectonics (Source: platetectonics 2008) 
 
When the earthquake occurs under the ocean then it has the potential to create 
tsunamis, such as the one on December 26, 2004 that devastated the areas bordering 
the Indian Ocean. This  earthquake was caused by subduction of the Indo-Australian 
Plate under the Eurasian Plate. This subduction also formed the volcano range in 
Indonesia so its eruption may also generate tremendous tsunami disasters (Lee & 
Lawver, 1995). Most of tsunami in Indonesia have occurred in the Banda, Molucca, 
and Celebes seas of Eastern Indonesia, the Java-Makassar Strait region, and the 
Indian Ocean side of Indonesia including Western Sumatra and Southern Java 
(Lockridge, 1988). 
 
Some areas situated directly on the subduction zone, such as the western part of 
Sumatra Island, south of Java, Nusa Tenggara, upstate Papua, Sulawesi and Maluku, 
are high vulnerable to tsunami (Badan Nasional Penanggulangan Bencana, 2012). 
The historical record of tsunami in Indonesia indicates that approximately 172 
tsunami disasters occurred in the period between the 1600-2012 (Hamzah, Puspito, & 
Imamura, 2000). In the past 100 years, the tsunami major events caused fatalities 
over 458,800 (National Centers for Environmental Information, NOAA, 2014). 
Indonesia is estimated to have 5.5 million people at risk of once-in-500-years 
tsunami, making it as the third highest population vulnerable to tsunami (United 
Nations Office for Disaster Risk Reduction, UNISDR, 2013). Based on the source of 
disturbance, 90% tsunami were caused by tectonic earthquakes, 9% were triggered by 
tectonic earthquakes, and 1% by tectonic earthquakes that occur on the body of water 
(lake or sea) or avalanches from the land into the water body (Hamzah et al., 2000). 
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Tsunami Risk Level in Indonesia 
 
Being composed of complex plates and an active subduction process, the tsunami 
prone encompasses almost the entire coastal area of Indonesia and creating exposure 
to over five million inhabitants (Badan Nasional Penanggulangan Bencana, 2012). 
For the purpose to assessing the threats posed by tsunamis to communities regarding 
risk mitigation efforts, the Government of Indonesia developed “A National Tsunami 
Hazard Assessment for Indonesia plan” (Horspool et al., 2013). This plan produced 
maps showing the probability of exceeding a tsunami height at the vulnerable coastal 
area in a given year. The study’s assessment revealed several findings regarding to 
vulnerability area as described as follow: 
1. There is a greater than 10% chance that somewhere in Indonesia will 
experience a major tsunami warning (tsunami over 3 m) in any one year. 
2. For most coastal regions of Indonesia there is a greater than 10% chance of 
experiencing a tsunami warning (tsunami between 0.5 – 3.0 m) in any one year 
(figure 2-13). 
 
Figure 2-13. Tsunami occurrence probability between 0.5 – 3.0 metres yearly (Source: Horspol., et al. 2013) 
 
3. Regions with low tsunami hazard are the north coast of Java, east coast of 
Sumatra, the west and south coasts of Kalimantan and the south coast of Papua 
4. At short return periods, it is estimated that the west coast of Sumatra, south 
coast of Java and Nusa Tenggara Barat have the highest tsunami hazard and 
can expect tsunami with a height between 0.5 - 3 m (orange warning level) (fig 
2.10) or > 3 m (red warning level) (figure 2.14) in a given year.  
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Figure 2-14. Tsunami occurrence probability over 3.0 meters yearly (Source: Horspol., et al.2013) 
 
5. The west coast of Sumatra, south coast of Java and Nusa Tenggara Barat have 
the highest tsunami hazard for a 100-year return period and would expect 
tsunami with a height between 5-10 m over this time period. Eastern Indonesia 
has a slightly lower tsunami hazard and can expect to have tsunami with 
heights between 2-3 m over a 100-year period (figure 2-15); 
 
Figure 2-15. Tsunami maximum height every 100 years period (Source: Horspol., et al. 2013) 
 
6. At longer return periods of 500 years, parts of Sumatra Island, including the 
Mentawai Islands, are estimated to have the highest tsunami hazard. For this 
return period, there is also very high hazard probability for southern Java, Bali, 
Nusa Tenggara, and North cost of Papua, northern Sulawesi and Maluku 
(figure 2-16).  
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Figure 2-16. Tsunami maximum height every 500 year periods (Source: Horspol., et al. 2013) 
 
7. The difference in tsunami hazard patterns between different return periods 
reflect the increasing contribution from earthquake sources that have lower 
frequency of occurrence in the short term (100 years), but over longer time 
periods they can cause large tsunami, particularly in eastern Indonesia. 
8. The provincial capital cities most likely to experience tsunami are (in order of 
highest to lowest) Denpasar, Jayapura, Bengkulu, Ternate, Manado, Banda 
Aceh, Manokwari, Padang, Ambon and Mataram. 
 
Cities and Tsunami Impact 
 
A considerable degree of natural hazard vulnerability like tsunami currently have 
been a concern in urban areas. The urban context is important to any efforts of 
disaster management in natural disaster and its human vulnerability and risk. The 
natural hazard events such as tsunami and its disaster management system are likely 
to become more complex for cities. As the consequences, the cost may intensify to 
levels which equal or surpass those of other main urban problems; and they will take 
a high priority in uncertain socio-cultural, political, economic and technological 
contexts (Mitchell, 1995). In most part of the world, cities particularly in coastal 
areas may form the greatest center of natural hazard risk (D. Alexander, 2000). 
However, while on the one hand cities are more vulnerable to natural disasters, on the 
other hand urban people is less sensitive to this issue due to their pressure of urban 
life (Burton et al., 1978).  
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Over centuries, the coastal area as front line of city have attracted people to live and 
work since it provides opportunities for aesthetic, economic, social, environmental 
benefits (Crossland, 2005; Schmidt, 2012). It is not surprising to find the 
concentration of people along or near coasts that covers on just 10% of the earth’s 
land surface. As of 2002, over 23% of global population concentrate in the “near 
coastal zone” (Nicholls, 2002). This concentration of people brings the economies of 
agglomeration benefits for production, exchange and consumption and creates a 
positive multiplier effect (Beaverstock, Faulconbridge, & Hoyle, 2011; Bogardi, 
2008). The development of coastal zones has significantly increased during the recent 
decades thereby causing these zones to face immense socio-economic and 
environmental changes and pressures, and this trend that is expected to continue in 
future. These changes may reduce the environment carrying capacity and degrade the 
natural coastal environmental protection that may contribute to the increasing 
exposure to natural disasters (Adger, Hughes, Folke, Carpenter, & Rockström, 2005; 
Burroughs, 2011; Rees, 1996). And tsunami is viewed as one of the prominent threat 
to these coastal areas (DEGG, 1992). It is estimated that the total number of people 
living in tsunami-prone areas in 2007 reached 19 million which corresponds to 
40,000 people hit per year on average worldwide (Lovholt et al., 2012). Many of 
these vulnerable people are living in the coastal cities. For instance, there are about 
5.402.239 people living in these cities in Indonesia making it as the most affected 
population by tsunami in the world (Badan Nasional Penanggulangan Bencana, 
2012). The massive damages and losses include human loss; damage to valuable 
properties and coastal structure; traffic hindrance; destruction to public infrastructure, 
fishery, commerce, industry, agriculture, forest, fire, oil spill, and topography change 
(Gakkai, 1991). The health issues, such as famine; and epidemic disease is another 
problem after disaster (Reilly, 2009b). It is estimated that the total amount of revenue 
for cities in tsunami-prone area is about 186 billion US dollars, with average losses of 
392 million US dollars per year (Lovholt et al., 2012). Given these consequences, 
studying drivers to increase the tsunami impact vulnerability is crucial to be 
recognized in the program in reducing impacts. 
 
The vulnerability of a tsunami especially in developing countries increases with the 
rapid uncontrolled urbanization (El-Masri & Tipple, 2002), the concentration of 
industry (Kasarda & Crenshaw, 1991), growth of slums and informal settlements 
(Oberai, 1993), the population structure (Kreimer, Arnold, Carlin, & NetLibrary, 
2003), and the city government’s capacity (Solway, 2004). The urbanization process 
elevates vulnerability to the tsunami through the concentration of people and assets. 
The pressure development of housing, industrial parks and other supporting facilities 
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in the tsunami prone areas accelerate the pace of vulnerability. In developing 
countries, cities often house the bulk of the industrial production. The population 
concentration in the city usually is adjacent to the concentration of industry area due 
to low cost transportation for employer. Slums and squatter settlements are a common 
phenomenon especially in developing countries. These informal settlements make up 
a large portion of cities, doubling every 5 – 7 years. This increase density up to 
150,000 people per km2 and this trend may continue without a proper intervention 
(Davis, 1987a). When the tsunami strikes these informal areas, the loss of lives and 
social costs may be greater as a great percentage of the population is already less 
protected. The number of causalities and losses may rise significantly in the informal 
settlements located within megacities area (Uitto, 1998). Since these informal 
settlements are usually considered illegitimate, officials typically do not involve them 
in urban planning process. As the result, the resources are allocated disproportionally 
that increase the risk of life, damage and loss to them (Oberai, 1993; Pelling, 2003). 
The people living in these informal settlements usually lack political and municipal 
voting rights which puts them in a disadvantage condition and making urban planning 
formidable in these informal settlement areas where existing social, economic, 
political, and technical limitations are acute (Davis, 1987b). Urbanization also makes 
the city larger than its original size and that causes the problems for city government. 
In developing countries, due to the lack of capacity for managing rapid city growth, 
unplanned development occurs without controlling that increase the disaster 
vulnerability like tsunami (Solway, 2004). Typically, women and children 
compromise over 50 percent of the urban population in developing countries, 
indicating a high vulnerability to these groups as they are most likely to be victims of 
tsunami (Frankenberg et al., 2011). They are more vulnerable since these groups only 
have access to fewer support systems following a tsunami, are less likely to 
participate in mitigation and prevention efforts; and have not been acknowledged as 
important stakeholders in terms of tsunami prevention, management, and assistance 
(Frankenberg et al., 2011; Kreimer et al., 2003; MacDonald, 2005). 
 
The tsunami impact characteristic of cities in developed countries and developing 
countries need to be addressed. Typically, cities in developing countries are the most 
suffered in the loss of life due to unsustainable development (Mileti et al., 1995), 
poverty conditions (P. R. Berke, 1995b), low community resilience (Pelling, 2003), 
and poor economy conditions (Aleskerov et al., 2005). In contrast, the cities in 
developed countries may have a great effect on economic sectors because cities 
become the center of service, financial and high-density infrastructure (Cochrane, 
2004; Kazama & Noda, 2012; Kreimer, 2001). These high losses and damages can be 
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better absorbed due to a strong economy (Cochrane, 2004). For comparison, although 
Indonesia and Japan account together for more than 50% of global exposure to 
tsunami (in absolute term) (Lovholt et al., 2012), the level of effect differ greatly as 
shown in table 2-3.  
 
Table 2-3. Summary of Comparison Impact of the 2004 Indian Ocean tsunami and the 2011 Great East Japan tsunami 
(Source: Parwanto. 2014; Gipta et al. 2013) 
Item 2004 Indian Ocean 2011 Great East Japan 
Earthquake magnitude 9.3 9 
Size of rupture (km2) 
Earthquake magnitude 9.3 9 
1,000 * 150 
Earthquake magnitude 9.3 9 
500 * 200 
Max. tsunami height (m) 50.9 40.5 
No. of deaths 126,732 15,891 
No. of missing 93,662 20,000 
No. of displaced 500,000 250,000 
Total damages US$ 4.45 billion US $300 billion 
 
From table 2-4, the significant difference is in the number of deaths from the 2004 
Indian Ocean in Indonesia and the total damages for 2011 Great East Japan. Since the 
level of damages and losses may be influenced by many factors such as social, 
economic, political, and environment conditions, the tsunami may cause interruptions 
to social and economic activities leading to unsustainable condition. Therefore, the 
effort to reduce the impact is needed through disaster management application. 
 
Theoretical Aspects of Disaster Management 
 
Natural disasters have greatly affected humans through human history. The 
increasing incidence of natural disasters globally has been a concern (Harrison & 
Williams, 2016). Cities as the place of population have begun to be aware that these 
natural disasters are no longer occurring infrequently, but they repeat in a short time. 
Since urbanization shows the rising trend in the recent years, the disaster-prone areas 
in coastal cities are facing pressure for development to accommodate social and 
economic needs. To respond these difficulties, societies and governments especially 
in the coastal areas have managed many endeavors to reduce impacts by developing 
measures in disaster management. It aids cities’ stakeholders to assess the risks 
associated with natural disasters and to prioritize measures to reduce these risks 
(Mileti & NetLibrary, 1999b).  
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Disaster Mitigation Management 
 
Disaster management is the response of societies and government to minimize the 
disaster impact to life, asset, and the environment through developing measures to 
address impacts, post-disaster response and recovery efforts (D. R. Godschalk, 
1999b).The International Federation of Red Cross and Red Crescent Societies defines 
the disaster management as “the organization and management of resources and 
responsibilities for dealing with all humanitarian aspects of emergencies, 
preparedness, response and recovery in order to reduce the impact of disasters” 
(International Federation of Red Cross and Red Crescent Societies, IFRC, 2010). 
Coppola (2015) contends that the aspects of comprehensive disaster management 
comprises of four distinct components: mitigation, preparedness, response, and 
recovery that described as follow (figure 2-26): 
 
Figure 2-17. The disaster management cycle (source: Alexander, 2002) 
 
1. Mitigation. Involving to reducie or eliminate the likelihood or the 
consequences of a hazard, or both. Mitigation pursues to “treat” the hazard 
such that it impacts society to a lesser degree. 
2. Preparedness. Engaging to equipe people that impacted by a disaster or who 
may be able to help those impacted with the tools to rise their chance of 
survival and to minimize their financial and other losses. 
3. Response. Involving to take action to reduce or eliminate the impact of 
disasters that have occurred or are currently occurring, in order to prevent 
further suffering, financial loss, or a combination of both. Relief, a term 
commonly used in international disaster management, is one component of 
response. 
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4. Recovery. Engaging to return victims’ lives back to a normal condition after 
the disaster. The recovery phase begins after the immediate response has 
completed over some periods.  
  
Over the years, a systemic responding to natural disasters are developed globally, 
such as the Yokohama Strategy and Plan of Action for a Safer World that provide the 
guidelines for prevention, preparedness and mitigation effort for international 
community. The community must have a willingness to invest in improving the 
capacity and carrying out mitigation policies and programs adopted. There are many 
elements to a community’s capacity to involve in mitigation efforts, including fiscal 
capability; technical capability; legal capability; institutional capacity; and political 
capacity (A. K. Schwab & Brower, 2008). The occurrence of natural hazard cannot 
be avoided; yet, impacts can be reduced and minimized through proactive and 
appropriate planning for instance hazard mitigation planning (Coppola, 2015b). 
Before to explore the interplay between mitigation and tsunami, the general concept 
of mitigation would be introduced.  
 
The definition of mitigation has a range of perspective. FEMA defines mitigation as 
“sustained action to reduce or eliminate long-term risk to human life and property 
from natural, human caused, and technological hazard” (United States. Federal 
Emergency Management Agency, 2003). Schneider (2002) describes mitigation as 
“hazard mitigation takes the form of advance action designed to eliminate or reduce 
the long‐term risk to human life and property from natural and man‐made hazards” 
(Schneider, 2002). Coppola, D.P. (2011) views mitigation as the “cornerstone of 
disaster management”. While the other elements of the disaster management cycle; 
preparedness, response, and recovery are managed either in reaction to hazards, 
mitigation measures aim to reduce the likelihood or consequences of hazard risk 
before a disaster occurs. Mitigation approaches tend to be costly, disruptive, time-
consuming, and in some cases socially unpalatable (Coppola, 2015b). It almost 
always carry their own inherent risk and do not always operate as aimed. Political 
will for mitigation is not easy to come by in many situations, and the community’s 
attention period tends to be too short to facilitate the significant life changes that may 
be necessary for mitigation to work. 
 
The mitigation measures employed to accomplish the goals, generally can grouped 
into two primary categories: structural and nonstructural (Coppola, 2015b; Gad-el-
Hak, 2008). Coppola (2015) defines structural mitigation as a risk reduction effort 
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performed through the construction or altering of the  physical environment through 
the  application of  engineered solutions. While nonstructural mitigation is defined as 
a measure that reduces risk through modification in human behavior or natural 
process without requiring the use of engineered structures. Mitigation is not yet 
practiced to its fullest extent due to obstacles that stand in the way. These obstacles 
include high cost making a public resistence, low levels of political support or “buy-
in” interest, socio-cultural and risk perception. To deal with this disadvantage 
condition, three approaches can be taken: recognizing the hazards, perceiving 
accurately in the two risk components of consequence and likelihood, rising 
awareness that the hazard risk is reducible, and incorporating mitigation into 
reconstruction programs (Coppola, 2015b; P. Winchester, 2000). 
 
Despite the rising trend of natural disaster vulnerability, only few studies concentrate 
on the use of principles of disaster management to the city scale (Murao, 2008; 
Wilkie & Leon, 2014b). Because urban areas are currently accommodate to slightly 
over 54 per cent of the world’s population, a number that is expected to grow to 66 
per cent by 2050 (Wilkie & Leon, 2014b), concerns over their safety have led to call 
for more sensible urban development to ensure the community safety (Kammerbauer, 
2013; United Nations. Dept. of Economic and Social Affairs. Population Division, 
2014). Cities located in a disaster-prone area are vulnerable to disaster because of  the  
high  concentration of  people,  infrastructures, socio-economic activities  and 
properties. If the disaster strikes the city area, there will be incredible losses and 
damages in the city. Therefore, it is important to prepare these cities through 
integrating mitigation and urban planning to reduce the damages and losses. 
 
Interdisciplinary Approach for Tsunami Mitigation 
 
The trend of natural disaster impacting coastal cities has highlighted the fragility of 
urban systems to handle natural hazards like tsunami. The effort of tsunami impact 
mitigation needs the comprehensive approaches to reduce a negative effect to people. 
Over the years, there are many institutions and interdisciplinary scholars and 
practitioners with stakes in the wide range of mitigation approaches, particularly 
emergency management, civil engineering, and public health. However, planning is 
viewed can play main a role in the process, and its absence can make the mitigation 
process is less comprehensive. Therefore, it is important that planning take their role 
in this mitigation area and use their approach to maximize the output of community 
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safety. Nevertheless, it is important to understand that involvement of public during 
the mitigation policy process is a must in order to reach the sustainability. 
 
Spatial and Physical Planning in Indonesia 
 
The history of Indonesia’s urban planning, like other main Southeast Asian cities, had 
been influenced by long period of colonialization particularly by the Dutch (C. Silver, 
2008). The modern history of planning especially in urban areas can be examined 
from the first quarter of the twentieth century in the late Dutch colonial phase or 
around the 1910s. During this time, some Dutch colonial towns particularly in coastal 
area as the concentration of political and economy faced a rapid urbanization, hence 
the planning employment was demanded (Wignjosoebroto, 2004). The Dutch 
colonial more concentrate the planning on the physicality’s aspects like aesthetic 
(Passchier, 2016) and separation of classes and races through space allocation (C. 
Silver, 2008) with centralistic and structure approach (Hudalah, 2010). 
 
In the mid-1920s, the colonial city authorities began to acknowledge that the demand 
for public and private development needed to be considered and regulated not only 
for aesthetic and space allocation for segregation policy. During this period, the 
colonial authority issued policy like allowing commercially based limited liability 
companies/ naamloze vennootschappen to be involved in the housing business 
(1925). In 1926, guidelines for urban extensions and housing for municipalities, an 
addition to existing municipal priority rights on land and the Nuisance Ordinance 
managing permission and zoning systems for industrial development in urban area 
were also adopted (Niessen, 1999). The provision of up to fifty percent subsidy and 
guidelines for kampong improvement projects were also implemented in 1928 by 
colonial government (Rückert, 1930). 
 
As the cities growing, a Town Planning Committee/ Stadsvormings commissie was 
established in Batavia (Jakarta) (Roosmalen, 2005). In 1938, this committee 
submitted a draft of a city planning ordinance/ Stadsvormings-ordonnantie or SVO to 
The People's Council/ Volksraad. It recognized the importance of Planning 
comprehensively (Roosmalen, 2005). However, the implementation of city planning 
ordinance/ SVO was postponed to 1949 due to outbreak of WWII focused on urban 
housing conditions and the most densely populated cities in Java that were facing 
rapid urbanization at that time (Niessen, 1999). After independence in 1945, planning 
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practice faced the power transition from the ‘European elite’ to ‘indigeneous urban 
elite’ (C. Silver, 2008). However, the planning process reflectively a hierarchy 
structure sustained western values and concentrated on wealthy businessman and 
professionals; bureaucrats; and military (C. Silver, 2008). The transition of power 
also changed the physical structure of Indonesian’s cities including the location of 
major economic functions, cultural institutions and housing patterns (C. Silver, 
2008). As a result of the immense war, large parts of major cities were destroyed, so 
reconstruction and rebuilding became the focus of planning. The Department of 
Transport and Public Works was re-stablished and renamed the Department for 
Public Works and Reconstruction and the Planning Bureau to address this huge task. 
However, some major obstacles needed to be addressed at the time including the 
absence of professionals, establishing organizational infrastructure, and creating a 
regulation framework (Roosmalen, 2005). 
 
The inherited colonial planning law continued to be criticized for its 
inappropriateness as it accommodated the colonial interest and strong Java-centric 
paradigm. The closure of many of the centralized pre-war institutions provide an 
opportunity to adjust the methodology, organization, and regulations in urban 
planning (Roosmalen, 2005). The centralization and Java- centric development and 
planning still become the paradigm in post-independence era and more robust in the 
New Order era that began in 1966 as Suharto came to power replacing Soekarno’s 
Old Order. The planning practices in these two-political eras for centralization 
development in urban areas creating a problem (Akil, 2003). It creates a gap between 
urban and rural development in term of demographic distribution and economic 
development inducing the rapid urbanization (Deni, 2003). Between 1976 and 1992, 
several particular legal frameworks for planning were adopted including regulation of 
the Greater Jakarta Area (Keppres 13, 1976); Batam Island (Keppres 41, 1973); 
Puncak Area (Keppres 48, 1983); development areas for supporting specific sectors 
like rice fields (Keppres 54, 1980), industrial estate (Keppres 53,1989), tourism 
(Keppres 15/1983) and housing (Keppres 8/1985) (Moeliono, 2011). These legal 
frameworks are under presidential decisions. The Ministry of Home Affairs in 1982 
enacted Permendagri 2/1987 and the Ministry of Public Works in 1986 adopted the 
decree of Permen PU 640/1986 which are similarly guiding the guidance of urban 
planning process and becoming references for urban planners in Indonesia 
(Moeliono, 2011). 
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The growth of cities was the result of rapid urbanization for economic motives while 
the increasing demanding for managing the natural resources lead to enactment of the 
first comprehensive planning law “The Spatial Planning Law 24 of 1992”. The law 
defines planning comprising three key processes; the plan-making process, plan 
implementation, and development control for all levels of national, provincial and 
local governments. It states that the principle in planning include integrity, 
sustainability, effectiveness, efficiency, compatibility, harmony, openness, equality, 
justice, legal protection and public participation are also set forth in this Law. This 
law recognizes that planning and development must integrate other important issues 
like social economic aspect, natural resources, geographical representatives, 
demographics, culture, and physical characteristics. 
 
It is important to note that for the first time after the independence, Indonesia 
comprehensively integrated the planning process and institutions through planning 
law 24/1992 requiring the hierarchical planning that consisting of the national spatial 
plan (RTRW Nasional), the provincial spatial plans (RTRW Propinsi) and the district 
spatial plans (RTRW Kabupaten and RTRW Kotamadya). Yet, the law only provides 
general regulations and classifications to carry out planning process at the national, 
provincial and local levels. Therefore, detailed guidelines and standards were 
expected to be prepared by the national government and respective ministries after 
this adoption. One of detailed guideline completed the Government Regulation/ 
Peraturan Pemerintah 69 of 1996 regulating the public participation, rights and 
obligations. While other guidelines were being developed, the Asian financial and 
economic crisis of 1997–1998 hit Indonesia severely, triggering deep socio-political 
crises which change in the political system and the beginning of transition into a 
democratic and decentralized system during the reformation era. 
 
The transition of power in the reformation era in 1998 following the fall of Soeharto 
and the New Order regime also impacted the Spatial Planning Law 24/1992 since it is 
not relevant to the spirit of decentralization and the new institution structure. To 
adapt with such condition, the Indonesia parliament adopted the new law of Spatial 
Planning 26/2007 to replace the Spatial Planning Law 24/1992 in order to harmonize 
with the new decentralization laws. The Spatial Planning Law 26/2007 gives more 
power to the provincial/ states governments and districts/regencies/ cities 
governments in planning, particularly in coordination between provinces/ states or 
districts/regencies/ cities. The Spatial Planning Law 26/2007 adds a new principle of 
accountability with reflecting the value of more transparency and accountable system 
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of government, the minimal standard of basic services, The challenge of metropolitan 
and megapolitan issues, demanding at least 30% of open spaces in urban areas, 
employment of the development control including zoning, planning permits, 
implementation of incentive and disincentive and imposing sanctions including 
administration and criminal sanction, strengthening of public participation in spatial 
planning (Republic of Indonesia, 2007). 
 
The Indonesian planning system, as reflected in the planning laws of 1992 and 2007 
seems to adopt an integrated-comprehensive approach that is very different from the 
colonial model (Hudalah, 2010). This approach manages a planning system through a 
systematic and hierarchy of plans over the national to the local level focusing more 
specifically on spatial coordination for social and environmental sustainability than 
economic development (UE, 2001). The Indonesian system enacts hierarchical 
structure, in which spatial plans are made at the national, provincial (state) and local 
(city/regency) governmental tiers. Each level is required to develop several plans 
with different scales, namely general spatial plan (RTRW), detailed spatial plan 
(RDTR) and detailed engineering design (RTR Kawasan). At the city level, physical 
planning is accommodated in the urban detailed spatial plan (URDTR). It is a 
translation of the general spatial plan (RTRW) into the plan regulating the use of 
which structural and non- structural dimensions are managed in a spatial urban area. 
It mediates the complexity between the spatial policy in a general spatial plan 
(RTRW) and detailed engineering design (RTR Kawasan) (figure 2-18). 
 
 
Figure 2-18. Spatial Planning system in Indonesia (source: Hudalah 2007) 
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Moreover, it is interesting to see how the North American planning system are 
adopted in the Spatial Planning Law 26/2007 (Cowherd, 2005; Hudalah, 2010). 
Hudalah et al. (2007) contends that the ideas of rule of law and decentralization 
reflected in this law, as promoted by the United States planning system, should be 
employed to advance a more effective planning system in Indonesia (Hudalah & 
Woltjer, 2007). However, decentralization in the spatial plan process have not been 
fully implemented as all parties from central, provincial, and local government must 
be involved while in contrast to US spatial plan system, it is just the responsibility of 
the local government. Booth (2005) explains that this adopted phenomenon is normal 
as a planning system is not independent but more as a ‘product of cultural forces’ 
(Booth, 2005). This phenomenon is not an isolated process but an active interaction 
simultaneously between the institutional and cultural traditions as internal forces and 
neo-liberal globalization values to form spatial planning system (Booth, 2005; Healey 
& Williams, 1993; Vries & Broeck, 1997). 
 
Although the progress in spatial planning policy has been improved in responding to 
local problems in Indonesia, there are still several issues that need to be addressed to 
promote urban sustainability. These issues include; deficient coordination between 
central, provincial, and municipalities/ cities governments; central government 
decrees that take precedence over existing spatial/ urban plans (Rukmana, 2015; 
Widianingsih & Morrell, 2007); a lack of all level government capacity and will 
(Hudalah, 2010; Rukmana, 2015); vested political and business interests (Winarso & 
Firman, 2002); unaccountability and ineffectiveness (Rukmana, 2015); and low 
public participation (Hudalah, 2010) 
 
Rapid urbanization at a rate of 4.1% yearly has transformed Indonesia to an urban 
based economy (Deutsche Welle Business, 2016). Indonesia’s cities are home to 52 
percent of total population in 2012 and it is expected that by 2025 the figure will 
reach to 68 percent. The total area for urban expansion has increase substantially 
between 2000 – 2010 from about 8,900 square kilometers to 10,000 or an average 
growth of 1.1% yearly making Indonesia second only to China in total amount of 
developed urban land in Asia (Indonesia World Bank., 2016). 
 
Despite the impacts of urbanization, Indonesia’s cities may benefit more from this 
urbanization trend for higher economic growth through urban economy efficiency 
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and productivity. The data confirms that each 1% growth in urban inhabitants 
strongly correlates with per capita GDP increase of 13% in India, 10% in China, and 
7% in Thailand while Indonesia only gain 4 % GDP growth (Indonesia World Bank., 
2016). The low of gain can be the result of inefficiency economic activities of goods 
and services resulting from insufficient infrastructure, congestion, pollution, and 
disaster risks (Duranton & Duranton, 2014; Indonesia World Bank., 2016); 
ineffective urban management; uncontrolled spatial planning, and commitment to the 
planning principles (Goldblum & Wong, 2000). Yet, one of issue that must be 
concern is the rising natural disaster vulnerability and its impact on cities in Indonesia 
caused by several factors. First, rapid population growth in cities has pressured 
people to concentrate living in hazard prone areas, thereby increasing exposure to 
natural disasters. Second, decreasing of environmental quality as the result of over-
exploitation of resource by population worsens the condition in natural hazard prone 
areas (Sunarharum, Sloan, & Susilawati, 2014). Third, most of the cities located in 
coastal area, along a river or in seismic areas are vulnerable to natural disaster such as 
tsunami. Last, there is high vulnerability to exposure to poor and marginalized group 
since they represent almost one third to one-half of the population living in Indonesia 
cities particularly in slums and informal housing (BAPPENAS & UNDP, 2006) All 
these facts must be put as priority in urban planning process along with a public 
participation approach. The lack of recognizing this natural hazard vulnerability 
foreshadows an enormous damages and losses to cities in short, middle and long 
effect to the impacted cities. For this reason can be employed to reduce disaster 
impact like tsunami through appropriate policies. 
 
Physical Planning 
 
Physical planning can be viewed as one key component of planning initiatives. 
However, defining physical planning has no universal acceptability as every spatial 
planning system has its own local system. In the United Kingdom, physical planning 
is the power given to counties and county boroughs to prepare development plans 
which would map proposed uses of land within their area, and the task of “control” 
for post-war urban development. Physical planning is exercised by authorities under 
“The Town and Country Planning Act 1947 and follow-up act in 1968”. The physical 
planning become determining factor in UK’ urban development. Bruton (1974) 
defines physical planning in the UK context as a physical design of something which 
already exists or might exist in the future and this sort of plan is the representation in 
a geographical or spatial sense, of an actual physical structure or elements (Bruton, 
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1974). However, critics point to the scope of physical planning powers and the way it 
had been exercised that are viewed quite inconsistent with the interpretation due to 
market force; land, property, finance etc. (Pickvance, 1982), therefore requiring a 
reformation of spatial planning system (Hall, 1970). As the urban problem is more 
complex, the work of physical planning is widened covering the nation’s territory. As 
the consequences, the term of physical planning has been a part of wider plan of 
“town and country planning” in the UK system (Forbes, 1974). 
 
In the United States, the physical planning role is marked with the discussion among 
scholars and practitioners to understand the forces that were shaping land-use and the 
infrastructure in the early birth of planning field. Various political, economic, and 
physical factor were debated and studied before and after the first National 
Conference of Planning in 1909.  
 
Over the years, planners explicitly addressed the arrangement of physical structures 
such as open space civic centers, transportation corridors, and industrial zones that 
laid the foundation for future urban planning initiatives (Pivo, Ellis, Leaf, & Magutu, 
1990). However, these approaches neglected the social and economic underpinning 
of urban structures (Gans, 1963) and these plans failed to offer solutions to serve the 
community (Gans, 1963; Maniera-Elia M., 1979). As the responses, during the 1950-
1960 the importance of social and economic factors has been extensively introduced 
to physical planning, such as the model of economy in explaining the distribution of 
land in space (Alonso, 1974) and the relationship between physical structure and 
class structure (N. J. Johnston, 1966). In this era, the new physical planning view 
focused on politics, social issues, public participation and the planning process rather 
than the production of physical plans (Gans, 1969; Perin, 1967). During the 1970s, 
environmental issues became extremely important in the physical planning arena 
(McHarg, 1969). Physical planning continues to include certain factors to work with 
to improve the understanding of the forces that shape land-use and the infrastructure 
that supports it. However, the term, meaning and scope of physical planning has also 
been modified (Pivo et al., 1990) 
 
Physical planning in Indonesia relates to the land use management to accommodate 
the growing population in cities due to urbanization (Tarigan, 2015). From about 
1960 to 2000, the planning policy for physical configuration in urban areas was 
aimed not only for accommodating the growing population but also to accelerate the 
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economic interest of central government or centralization system (Tarigan, 2015; 
Yunus, 2000). The physical planning policies were prioritized for cities located in 
Java Island (Java centrist development)(Hudalah & Woltjer, 2007) such as 
infrastructure, industrialization, urban facilities, urban poor eradication, and slum 
upgrading. The physical planning for cities outside Java Island was not considered an 
important part of national planning and development, therefore the wide development 
gap exists in these cities for instance the lack of infrastructure, facilities, high rate of 
poor group, slum area. Although physical planning was appropriately adopted in 
cities located outside Java island, but it was aimed to improve the infrastructure to 
facilitate the movement of goods such as minerals, plantation crops, fishery product 
to cities in Java Island as the center of economic (Tarigan, 2015; Yunus, 2000). In 
short physical planning was intended to serve the interest of central government. 
 
In the reformation era from 2000 onward, the physical planning has been more 
decentralized. As a result, urban development in cities outside Java Island enjoy 
acceleration of development (Tarigan, 2015). The physical planning echoes the 
interest of people through public participation process (Rukmana, 2015). The 
physical planning is not only focuses on physical element to boost economic growth 
and accommodate growing population but also to incorporating social aspects such as 
affordable housing scheme, and urban poverty eradication (Hudalah & Woltjer, 2007; 
Rukmana, 2015). To strengthen the function of physical planning in Indonesia’s 
spatial system, physical planning is formally accommodated in Detail Spatial Plan/ 
Rencana Detail Tata Ruang Kota /RDTR (Republic of Indonesia, 2007). RDTR 
directs the strategy of spatial use in order to maintain the integrity, balance and 
harmony of the urban development to meet the harmony among social, physical, 
economy and environmental aspects to improve the inhabitant’s life quality. The 
RDTR include managing of urban structure plan, block functioning plan, the 
transportation system, public facilities, housing strategies and design, the social role 
and public participation, economic structure to support the community, and social 
interventions to improve the community conditions (M. Arszandi et al., 2015). Two 
majors distinctive of physical planning in Indonesia after the reformation era is the 
decentralization and public participation involvement. These factors greatly influence 
the substantive and output of physical planning in Indonesia despite some areas that 
still need to be improved. 
 
Despite the difference of definition, meaning and function, some studies believe that 
the physical planning might be inherently the same concept. Physical planning can be 
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viewed concerning with the management of land-use, the character and location of 
public space and structures, the development of transportation systems, and all other 
infrastructure facilities which required to support the economic development, and the 
public interest (Webster, 1958). In response to urban complexity and problems, the 
physical planning field has grown to include urban design, environmental planning, 
economic aspect and social approach (Branch, 1985; Pivo et al., 1990). It enhances 
the efficient functioning of the urban system through effective coordination of the 
various urban land, provision infrastructure and services making cities are 
economically viable while being environmentally sound, socially cohesive and 
progressive (Folmer & Risselada, 2012; Neutze, 1985; Newman, Kenworthy, & 
Vintila, 1995). As Crook (1974) adds that the task of physical planning is to prevent, 
control and promote the changes which have, which are and which might occur 
within physical environment (Crook, 1974). 
 
The concept and function of physical planning might be different in developing 
countries comparing to developed ones. In the developing countries, physical 
planning is having only limited role in directing the urban development while it is 
commonly intended to serve the elite interests with wider-spread neglect of urban 
poor (Chadwick, 1986b; Mbogua & United Nations Centre for Human Settlements, 
1994). The community is excluded in the physical planning process. Furthermore, 
responsibility of physical planning for urban development only is shared between 
government and private sectors (Chadwick, 1986b; Etoju & Network of Ugandan 
Researchers and Research Users, 2002; Mbogua & United Nations Centre for Human 
Settlements, 1994). The planning policy also generally lacks facilitating and 
providing basic infrastructure for people (Mbogua & United Nations Centre for 
Human Settlements, 1994). It can be argued that these phenomena are the result of a 
rapid urbanization, lack of resources and technology, insufficient public 
infrastructure, ineffective development control, social and political instability at the 
same time (Brueckner & Lall, 2014; Cohen, 2004; Olajuyigbe & Rotowa, 2011). 
 
As the cities in developing countries contribute significantly to national development, 
physical planning needs to be acknowledged and solves with these approaches; the 
need to adopt the planning more flexible and adopt with new development under 
economic and social interest; physical planning must consider the local values, 
context and system and not to adopt the western-type planning completely 
(Chadwick, 1986b); involving important factors comprehensively in physical 
planning policy including social, environment, and economics (Basiago, 1999; Haar, 
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Rodwin, & Higgins, 2007); increasing awareness and participation of public (Wilson, 
Hannington, & Stephen, 2015); employment of technology in the physical planning 
process (Chadwick, 1986b); and improvement of human capacity and resources 
(Olajuyigbe & Rotowa, 2011). Given this complexity of issues in developing nation 
cities, it can be contended that the role of physical planning is important to manage 
and guide the cities through zoning, regulations and permission for uses especially in 
disaster prone coastal area (Chmutina, Ganor, & Bosher, 2014; El-Masri & Tipple, 
2002; Manda, 2014). However, it is important also to question how far and how 
effective the physical planning adopted has met the aims, goals and expectation of 
urban stakeholders.  
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